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Purpose: This study evaluates offending allergens in patients with allergic rhinitis (AR) according to age that establish a minimal panel for skin 
prick test (SPT) allergens required to identify if a patient is sensitized. Methods: We retrospectively analyzed SPT results according to age to de- 
termine the minimum test battery panel necessary to screen at least 93%-95% of AR patients. Allergic skin tests (common airborne indoor and out- 
door allergens) were performed on 7,182 patients from January 2007 to June 201 1 . All patients were classified into 9 groups according to age; sub- 
sequently, we investigated offending allergens by age group. Results: A total of 5,032 (70.1%) patients were found sensitized to at least one of 
the 55 aeroallergen extracts tested. The annual ranking of offending allergens was not significantly different from each other over the past 5 years. 
House dust mites (HDM) were the most prevalent allergens ranked from first to third for all 5 years. The allergens in the minimum test panel differed 
slightly among all age groups; in addition, the types of sensitized allergen sources were more diverse in the older versus younger age group. HDM 
covered a larger proportion of the sensitized allergens in the younger age group versus the older age group. Testing with 5 allergens (Dermatopha- 
goides farinae, Tetranychus urticae, oak, mugwort and cockroach) adequately identified over 90% of the sensitized patients. Conclusions: A SPT 
with around 5-7 allergens adequately detected most of the sensitization in the majority of the age groups in Korea. However, this study suggests 
that physicians perform the SPT with appropriately selected allergens in each age category for the screening of AR. 
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INTRODUCTION 

An investigation of the main offending allergen is essential to 
treat allergic rhinitis (AR). Offending allergens change steadily 
in accordance with the surrounding atmosphere; in addition, 
their distribution also differs by region. The continuous investi- 
gation and monitoring of offending allergens is a prerequisite 
for the treatment of AR. 

A skin prick test (SPT) is a standard method for the diagnosis 
of IgE-mediated allergic disease and routinely performed to 
identify allergens in a clinical setting. However, the current SPT 
panel varies among hospitals and most allergic disease clinics 
perform the SPT with 55 allergens irrespective of patient age. 
There is no current age dependent standard test panel in Korea. 
The SPT with 55 allergens is problematic in terms of patient in- 
convenience and cost, especially when the subjects are preschool 



children. The application of limited number of allergens could 
be possible for patients since the rate of sensitization to some 
allergens is quite low and differs based on age. This is an impor- 
tant concept when an epidemiologic study is required. Knowl- 
edge of the composition of the minimally required SPT panel 
and the difference of SPT sensitization dependent on age is an 
essential factor for a reliable epidemiologic survey. 

A recent study of the Global Allergy and Asthma European 
Network demonstrated the sensitization patterns of different 
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inhalant allergens in patients across Europe and the minimum 
test battery of inhalant allergens needed for an epidemiological 
study. 1 3 Other studies similar to population-based epidemio- 
logic studies show that a limited number of allergens identified 
the majority of sensitized subjects in patients-based studies. 4 

This study evaluates the annual distribution of offending al- 
lergens in AR patients over a 5 year period and documents the 
most prevalent offending allergens based on age. Based on the 
results, the authors suggest the basic optimal required items for 
a simple screening SPT tailored to individual age and epidemi- 
ological study. 

MATERIALS AND METHODS 
Patients 

From January 2007 to June 2011, data, including age, sex, and 
sensitized allergens, were obtained from subjects who performed 
SPT for respiratory symptoms at the Allergy and Clinical Center 
Laboratory of Seoul National University Hospital. This study 
utilized the archived data from 7,182 AR patients (3,761 men 
and 3,421 women) aged 5 to 88 years old. We analyzed common 
indoor and outdoor airborne allergens in all patients according 
to age groups: 0-6 years, 7-12, 13-19, 20-29, 30-39, 40-49, 50-59, 
60-69, and over 70 years old. 

Skin prick tests 

All subjects that presented respiratory symptoms suggestive 
of AR underwent SPT with a standard panel of 55 allergen ex- 
tracts. A battery of eight airborne allergens was used for the skin 
test (Allegropharma, Reinbek, Germany): House dust mites 
(HDM) {Dermatophagoid.es farinae [Df], Dermatophagoid.es 
pteronyssinus [Dp], Tyrophagus putrescentiae [Tp], and Tetrany- 
chus urticae [Tu]), outdoor mold mixture [Altemaria, Clado- 
sporium, Fusarium, Aspergillus niger, and Candida albicans), 
indoor mold mixture (Aspergillus fumigates, Mucor mucedo, 
Neurospora sitophila, and Penicillium notatum), animal dan- 
der (Cat, Dog, Rat, Chicken, and Rabbit), cockroach (German 
cockroach, and American cockroach), tree pollen mixture 1 
(Alder, Hazel, Popular, Elm, Willow tree, Ash, and Elder), tree 
pollen mixture 2 (Birch, Beech, Oak, Plane tree, and Japanese 
cedar), grass pollen mixture (Velvet, Orchard, Rye, Timothy, 
Kentucky, Meadow, Nettle, and Bermuda), weeds (Ragweed, 
Mugwort, Japanese Hop [Hop J], Chrysanthemum, Dandelion, 
Golden Rod, Plantain and Latex), and 10 mg/mL histamine 
phosphate as positive control and 0.9% saline as negative con- 
trol. SPTs were evaluated 15 minutes after application and in- 
terpreted as 3+ when the mean wheal diameter was identical to 
the histamine control and 2+ when the mean wheal diameter 
was 50% of the histamine control. A positive response was de- 
fined as more than 2 or more positive (2+, 3+, 4+) to the allergen 
tested. Positive response to at least one of the allergens was ac- 
cepted as the presence of sensitization. 



Statistical analysis 

First, most prevalent allergens according to age were defined 
using frequency and percentage. A systematic conditional ap- 
proach then classified the allergens from the highest prevalence 
of sensitization to the lowest. The second highest allergen was 
identified through elimination of the subjects sensitized to the 
previous allergen. 1 The prevalence of sensitization was calculat- 
ed for each age group. The combination of allergens, which 
identified at least 93%-95% of the sensitized subjects, was de- 
fined as the optimal SPT panel. This procedure was performed 
repeatedly with each group classified by age: <6years,7to <12 
years, 13 to < 19 years, 20 to <29 years, 30 to <39 years, 40 to 
<49 years, 50 to <59 years, 60 to <69 years, and >70 years. A 
SPSS 17.0 software (Chicago, IL, USA) was used for the statisti- 
cal analysis. 

RESULTS 

Prevalence of sensitization according to survey year 

To evaluate the change of the trend of offending allergens, a 
comparison of the year 2007 and the year 20 1 1 showed that the 
positive rates of allergens increased slightly in most allergens 
(Fig. 1). However, the overall ranking of each allergen was simi- 
lar between the year 2007 and the year 2011 (except for beech 
and Hop J pollens). In addition, there was a remarkable in- 
crease in the positive rate of beech/Hop J as a seasonal allergen 
and cockroach as perennial allergens between the year 2007 
and the year 201 1 (Fig. 2). 

Prevalence of sensitization to common allergens in the study 
groups by age 

The overall positive response rate was 70.1% (5,032/7,182) and 
all sensitized subjects showed a positive response to at least 1 
aeroallergen. The number of patients according to age group 
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Fig. 1. Annual positive rate of offending allergens. The comparison of year 2007 
and year 201 1 to evaluate the change of the trend of offending allergens; the 
positive rates of allergens increased slightly in most allergens. 
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Fig. 2. Annual variability of offending allergens between 2007 and 201 1 year. The overall allergen ranking was similar between year 2007 and year 201 1 (except for 
beech and hop J pollens). In addition, there was a remarkable increase in the positive rate of beech as a seasonal allergen and cockroach/hop J as perennial aller- 
gens between year 2007 and year 201 1 . D.f, Dermatophagoides farinae; D.p, Dermatophagoides pteronyssinus. 
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Fig. 3. The prevalence of sensitization peaked in young adults (regardless of 
the allergen) and diminished with age. The prevalence of sensitization to com- 
mon allergens increased with age, from group 0-6 years to group 13-19 years, 
and then decreased progressively. 

was as follow: group 0-6years, n=268 (3.7%); 7-12years, n=673 
(9.3%); 13-19 years, n=660 (9.1%); 20-29 years, n= 1,032 (14.3%); 
30-39 years, n=735 (10.2%); 40-49 years, n=550 (7.6%); 50-59 
years, n=622 (8.6%); 60-69 years, n=356 (4.8%); and over 70 
years, n=136 (1.8%) (Table 1). The prevalence of sensitization 
to common allergens increased with age, from group 0-6 years 
to group 13-19 years, and then decreased progressively (Fig. 3). 
A maxim sensitization rate was observed in the age group 13-19 
years, with 92.8% of subjects sensitized to at least 1 aeroallergen. 
The sensitization rate then decreased to 34.7% in the age group 
over 70 years. The sensitized allergens were different according 
to age group. HDM showed the highest prevalence in all age 
groups. Among HDM, Df 'was the most prevalent mite followed 



by Dp in all age groups. The prevalence of sensitization to Tu and 
Tp were lower than that to Dfor Dp throughout the age groups; 
however, the overall percentages of the four mites gradually 
converged on a similar percentage at over 60 years of age. 

Dog hair-dander was the most prevalent allergen, followed by 
cat hair- epithelium, for animal allergens and showed a higher 
incidence than cockroach allergens. Sensitization to animal al- 
lergens peaked in the ages of 20-29 years and then deceased 
with age. In addition, tree pollen was more prevalent than grass 
or weed allergens among pollen allergens. The sensitization rate 
peaked in the ages of 20-29 years and then the overall percent- 
age of sensitization fell sharply at over 60 years of age. In addi- 
tion, mold allergens increased steadily in the ages of 20-29 years 
and then steeply decreased at over 40 years of age (Table 1). 

Optimization of skin prick test allergens 

Table 2 and Table 3 show the minimum test battery panel to 
reach a detection rate of 93%-95% of sensitized persons for all 
or different age groups. The N column number in Table 2 and 
Table 3 (calculated from Table 1) represents the number of pa- 
tients with a positive response to that allergen. The "Left" col- 
umn can be calculated by a subtraction of the positive response 
number from the previous left number; hence, the remnant pa- 
tient number (missed by the allergen combination) is serially 
added. A combination of the top 4 allergens in Table 2 provides 
a total of 503 patients marked as SPT negative, even though these 
patients were initially classified as positive. 

In the whole generation, 5 allergen extracts {Df, Tu, oak, mug- 
wort and cockroach G) were sufficient to detect sensitizations 
(Table 2). With only 4-allergen extracts (Df, Tu, oak and mug- 
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Table 1. Distribution of the frequencies of sensitization for each allergen used in skin prick test by age group and in the whole study population, % (n) 



Age groups 


<6 


7-12 


13-19 


20-29 


30-39 


40-49 


50-59 


60-69 


>70 


Total (N) 


268 


673 


660 


1,032 


735 


550 


622 


356 


136 


D.pteronyssinus 


76.9(206) 


79.2(533) 


75.0 (495) 


86.7(895) 


74.4(547) 


61.8(340) 


52.4(326) 


49.2(175) 


50.7 (69) 


D. faunae 


79.5(213) 


83.8(564) 


78.5(518) 


91.5(944) 


80.7(593) 


66.9(368) 


58.8(366) 


55.3(197) 


58.8(80) 


T-P 


22.4(60) 


35.1 (236) 


42.0(277) 


56.7 (585) 


52.4(385) 


39.3(216) 


35.2(219) 


36.0(128) 


41.2(56) 


T.u 


5.2(14) 


14.9(100) 


31.5(208) 


49.8(514) 


54.1 (398) 


46.0(253) 


45.0(280) 


46.9(167) 


54.4(74) 


Outdoor mold mixture 


17.9(48) 


27.6(186) 


31.8(210) 


37.8 (390) 


18.9(139) 


9.5(52) 


6.4 (40) 


4.5(16) 


5.9 (8) 


Altsrnsrid 


7.8(21) 


13.4(90) 


14.5(96) 


13.0(134) 


4.1 (30) 


3.5(19) 


2 1 (13) 


0.8 (3) 


0.7(1) 


Cladosporium 


4.5(12) 


7.7 (52) 


12.9(85) 


18.6(192) 


13.1 (96) 


6.7 (37) 


5.8 (36) 


4.8(17) 


3.7 (5) 


Fusarium 


1.1(3) 


3.6(24) 


4.7(31) 


6.7(69) 


4.5(33) 


4.2(23) 


3.1(19) 


5.1(18) 


4.4(6) 


A niger 


0.4(1) 


0.7(5) 


0.9(6) 


2.1 (22) 


1.5(11) 


0.5(3) 


1.0(6) 


0.8(3) 


0.7(1) 


C. albicans 


3.0(8) 


6.5(44) 


5.2(34) 


8.9(92) 


5.2(38) 


5.8(32) 


4.0(25) 


4.5(16) 


4.4(6) 


Indoor mold mixture 


8.2(22) 


21.4(144) 


25.2(166) 


33.5(346) 


22.4(165) 


10.9(60) 


8.4(52) 


11.2 (40) 


7.4(10) 


A fumigatus 


5.6(15) 


8.5(57) 


10.2(67) 


16.2(167) 


10.3(76) 


7.3(40) 


5.3(33) 


7.9(28) 


6.6(9) 


Mucor 


2.6(7) 


5.5(37) 


6.4(42) 


10.0(103) 


4.2(31) 


2.2(12) 


1.6(10) 


2.5(9) 


2.2(3) 


Neurospora 


1.5(4) 


4.8(32) 


6.5(43) 


9.5(98) 


5.7 (42) 


2.9(16) 


2.4(15) 


2.5(9) 


1.5(2) 


Penicillium 


4.1 (11) 


7.1 (48) 


9.8(65) 


16.3(168) 


9.0 (66) 


5.5 (30) 


5.1 (32) 


3.1 (11) 


2.9(4) 


Cat 


6.7(18) 


19.0(128) 


27.6(182) 


38.1 (393) 


22.0(162) 


19.5(107) 


10.3(64) 


7.3(26) 


2.2(3) 


Dog 


17.5(47) 


30.3(204) 


36.8(243) 


48.4(499) 


35.2(259) 


20.0(110) 


14.5(90) 


9.3(33) 


5.9(8) 


Rat 


1.1(3) 


1.3(9) 


1.8(12) 


4.5(46) 


3.0(22) 


1.8(10) 


1.0(6) 


0(0) 


0.7(1) 


Chicken 


1.9(5) 


3.3(22) 


2.9(19) 


4.3 (44) 


3.1 (23) 


3.1 (17) 


1.8(11) 


0.3(1) 


0(0) 


Rabbit 


0.7(2) 


3.3(22) 


2.9(19) 


5.3 (55) 


2.9(21) 


1-3(7) 


1.1 (7) 


0.6(2) 


0(0) 


Cockroach (German) 


4.9(13) 


8.3(56) 


13.6(90) 


23.9(247) 


23.0(169) 


22.7(125) 


20.9(130) 


19.1 (68) 


17.6(24) 


Cockroach (America) 


4.9(13) 


8.3(56) 


12.4(82) 


22.0(227) 


20.3(149) 


35.1 (193) 


18.6(116) 


19.4(69) 


19.1 (26) 


Tree pollen mixture 1 


8.6(23) 


14.1(95) 


17.0(112) 


23.1 (238) 


15.4(113) 


18.9(104) 


17.7(110) 


11.0 (39) 


7.4(10) 


Alder 


3.0(8) 


8.9(60) 


11.2(74) 


18.0(186) 


11.2(82) 


15.3 (84) 


15.9(99) 


9.8(35) 


4.4(6) 


Hazel 


6.3(17) 


12.0(81) 


13.3(88) 


18.8(194) 


11.7(86) 


14.2 (78) 


15.0(93) 


9.6(34) 


6.6(9) 


Popular 


6.0(16) 


8.2(55) 


10.2(67) 


12.1 (125) 


5.3(39) 


7.8(43) 


7.4(46) 


3.4(12) 


5.1 (7) 


Elm 


4.5(12) 


7.9(53) 


10.3(68) 


13.8(142) 


7.9(58) 


11.6(64) 


9.6(60) 


4.5(16) 


7.4(10) 


Willow tree 


6.0(16) 


8.0(54) 


8.9(59) 


12.9(133) 


6.9(51) 


9.5(52) 


8.8(55) 


4.2(15) 


6.6(9) 


Ash 


3.0(8) 


6.0(41) 


4.7 (31) 


6.1 (63) 


2.0(15) 


2.7(15) 


4.5(28) 


1.9(7) 


1.4(2) 


Elder 


8 


15.3(103) 


12.4(82) 


16.7(172) 


7.4(55) 


6.9(38) 


7.1 (44) 


21.4(12) 


1.4(2) 


Tree pollen mixture 2 


14.9(40) 


19.2(129) 


19.7(130) 


26.3(271) 


16.0(118) 


24(132) 


0.4(134) 


14.3(51) 


12.5(17) 


Birch 


7.1 (19) 


8.8(59) 


6.2(41) 


7.0(72) 


3.6(27) 


6.5(36) 


7.2(45) 


33.3(12) 


2.2(3) 


Beech 


18.3(49) 


29.0(195) 


27.9(184) 


31.1 (321) 


20.3 (149) 


19.5(107) 


19.1 (119) 


11.5(41) 


5.8(8) 


Oak 


13.4(36) 


20.5(138) 


19.7(130) 


24.0(248) 


16.9(124) 


20.4(112) 


18.1 (113) 


12.6 (45) 


10.2(14) 


Plane tree 


7.1 (19) 


10.4(70) 


13.0(86) 


13.5(139) 


8.0(59) 


10.4(57) 


8.0(50) 


4.5(16) 


5.1 (7) 


Japanese ceder 


2.2(6) 


2.5(17) 


3.2(21) 


6.8(70) 


6.0 (44) 


7.5(41) 


4.0(25) 


3.7(13) 


4.4(6) 


False Acacia 


2.2(6) 


5.6(38) 


3.9(26) 


4.9(51) 


1.8(13) 


2.9(16) 


2.9(18) 


1.7(6) 


1.4(2) 


Pine 


6.0(16) 


16.5(111) 


14.5(96) 


17.9(185) 


9.0(66) 


5.8(32) 


7.7(48) 


2.8(10) 


2.2(3) 


Grass pollen mixture 


4.9(13) 


6.5 (44) 


8.8 (58) 


10.9(113) 


8.0 (58) 


8.0 (44) 


7.7 (48) 


3.4(12) 


6.6(9) 


Velvet 


6.3(17) 


7.3(49) 


8.9(59) 


11.6(120) 


8.8(65) 


8.9(49) 


8.0(50) 


3.7(13) 


5.1 (7) 


Orchard 


7.8(21) 


8.0(54) 


8.5(56) 


13.3(137) 


8.4(62) 


9.6(53) 


9.0(56) 


6.2(22) 


7.3(10) 


Rye 


7.1 (19) 


9.7(65) 


9.5(63) 


13.3(137) 


8.8(65) 


10.5(58) 


10.3(64) 


58.3(21) 


11.0(15) 


Timothy 


6.0(16) 


8.6(58) 


9.4(62) 


11.8(122) 


7.8 (57) 


9.0(50) 


8.5(53) 


4.5(16) 


7.3(10) 


Kentucky 


5.2(14) 


8.8(59) 


8.2(54) 


12.8(132) 


8.7(64) 


9.6(53) 


7.4(46) 


4.4(16) 


6.6(9) 


Meadow 


5.6(15) 


7.4(50) 


7.4(49) 


11.4(118) 


7.2(53) 


9.2(51) 


8.0(50) 


4.8(17) 


6.6(9) 


Nettle 


0.7(2) 


4.8(32) 


1.8(12) 


5.6(58) 


3.0(22) 


3.2(18) 


2.7(17) 


2.2(8) 


0(0) 


Bermuda 


19(5) 


6.2(42) 


4.1 (27) 


5.0 (52) 


2.1 (16) 


4.0 (22) 


3.3(21) 


1.7 (6) 


2.2(3) 


Ragweed 


7.8(21) 


7.4(50) 


7.6(50) 


12.8(132) 


11.4(84) 


15.1 (83) 


17.0(106) 


10.1 (36) 


1.1(13) 


Mugwort 


8.6(23) 


13.1(88) 


11.2(74) 


20.8(215) 


18.1 (133) 


24.3(134) 


22.1 (138) 


16.6(59) 


13.2(18) 


Hop J 


11.9(32) 


15.6(105) 


13.9(92) 


15.6(161) 


13.3(98) 


14.7 (81) 


15.1(94) 


9.2(33) 


8.1(11) 


Crysan 


6.7(18) 


8.5(57) 


8.2(54) 


13.9(143) 


10.9(80) 


16.4(90) 


13.5(84) 


11.5(41) 


5.9(8) 


Dandelion 


3.0(8) 


5.9(40) 


6.8(45) 


13.4(138) 


9.9(73) 


12.5(69) 


9.4(59) 


8.1 (29) 


5.0(7) 


Golden Rod 


1.9(5) 


7.3(49) 


6.2(41) 


8.3(86) 


4.9(36) 


6.7(37) 


7.3(46) 


4.4(16) 


2.9(4) 


Plantain 


5.6(15) 


11.7(79) 


9.2(61) 


13.7(141) 


6.1 (45) 


7.2(40) 


5.7(36) 


1.7 (6) 


2.2(3) 


Latex 
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D.f, Dermatophagoides farinae; D.p, Dermatophagoides pteronyssinus; T.p, Tyrophagus putrescentiae, T.u, Tetranychus utricae; Hop J, Japanese Hop. 



50 http://e-aair.org Allergy Asthma Immunol Res. 2014 January;6(1):47-54. http://dx.doi.Org/10.4168/aair.2014.6.1.47 



AAIR 



Optimization of Skin Prick Testing Allergens 



Table 2. The offered test panel for all age groups and the percent of sensitiza- 
tion by given aeroallergen extracts 
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D.f, Dermatophagoides farinae; D.p, Dermatophagoides pteronyssinus, T.p, Ty- 
rophagus putrescentiae, T.u, Tetranychus utricae, Hop J, Japanese Hop. 



wort), the detection rate reached the level of 90.0%; however, 
the allergens in the minimum test panel differed slightly among 
all age groups. A total of 5 to 7 allergen extracts were the mini- 
mum number required to reach a detection rate level of 93%- 
95% and were similar in each age group (Table 3). In addition to 
the number, the kinds of allergens extracts were similar. A com- 
parison of the content of the SPT panel of the whole generation 
showed that the age group 40-49 was composed of the exact 
same allergen extracts. In addition, the type of allergen was 
identical except for one allergen in the age group 50-59 years. 
The type of sensitized allergen source was more diverse in the 
older age group than in the younger group. This phenomenon 
resulted in the increment of the numbers of allergens in the op- 
timal panel that represent a detection rate of 93%-95% of sensi- 
tizations. 

Table 4 shows the detection missing rate where the optimized 
test panel (Table 2) was applied to all age groups when the al- 
lergen extracts ranked from the first to seventh. The low was 
2.4% for the age group of 20-29 years and the high 10.4% for the 
age group of 60-69 years. Table 5 shows the detection rate dif- 
ferences between combinations of 2 allergens according age 
groups. A combination of D/and Tu allergens detected more 
sensitizations than D/and Dp. 

DISCUSSION 

This study showed that the type of sensitized allergens differ 
according to age. We found that the majority of patients was 
sensitized to indoor aeroallergens such as house dust mites and 
animal dander. The prevalence of sensitization peaked at 13-19 



years regardless of the type of allergens and then decreased 
progressively with age. The sensitization pattern did not change 
according to different years. The similarity of the year variance 
according to age provides an idea of the simplification of the al- 
lergens used in the SPT as possible. This study suggests that SPT 
with a specialized allergen combination tailored for each age 
group as a cost effective screening of AR. 

In present study, we found that the offending allergens dif- 
fered according to age groups. The most common aeroallergen 
was HDM as expected. Especially, among the mites, D/ranked 
first in the allergen extract used in the panel of all ages and Tu 
was the second important mite in the panel of all ages except 
the age group under 6 years. However, it is notable that Dp was 
not a major impact in this study. Df, slightly more prevalent in 
all age groups, was used as a screening allergen because many 
patients were sensitized to both. Nearly all patients sensitized 
to Dp showed a positive response to Df, however, the same was 
not true in reverse. 

The proportion of sensitization to the Tu increased gradually 
among HDM; however, the other mites decreased with age (Ta- 
ble 1). Unlike the Dermatophagoides species, Tu was identified 
not to share a common positivity relatively with other mite spe- 
cies. Table 5 shows the detection rate differences between the 
combinations of 2 allergens according to age group. The combi- 
nation of D/and Tu allergens could detect more sensitizations 
than Df and Dp. The effectiveness of the D/and Tu union was 
more obvious in the advanced age group; subsequently, most 
HDM sensitization was covered in the majority of the groups by 
adding Tu to the Df. 

HDM sensitization (Df) was up to 87.0% in the 13 to < 19 age 
group; however, the importance of HDM decreased to the 55.3% 
level in the 60 to <69 age group (Table 3). A decline of the pro- 
portion of sensitization to HDM led to the diversity of the com- 
posed offending allergens in the SPT panel according to the age 
group. The predominant allergen HDM (as the first applying 
factor) allowed the simplification of the number of allergen ex- 
tracts (required to cover most sensitization) at a rate of 93%-95% 
in the test panel. The phenomena reflect that HDM are the main 
offending allergens in Korea compared to standard SPT panels 
evaluated in Europe where pollens are the most prevalent aller- 
gen. 5 ' 6 

Pollens are usually the second most important allergen factor 
to cover many of the sensitizations among all age groups. Tree 
pollen oak was more commonly sensitized in the younger age 
group; however, weed pollen mugwort was more sensitized in 
the older age group. This study performed the screening test 
with a tree mixture. The number of allergen extracts required 
for the screening test should decrease more easily with a tree 
mixture usage; however, this did not significantly affect the total 
number. Many sensitizations could be identified in the majori- 
ty of the diverse age groups with only HDM plus tree pollen (Ta- 
ble 3). 
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Table 3. The offered test panel for different age groups and the percent of sensitization by given aeroallergen extracts 
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D.f, Dermatophagoides farinae; D.p, Dermatophagoides pteronyssinus; T.p, Tyrophagus putrescentiae; T.u, Tetranychus utricae; Hop J, Japanese Hop. 



Weed sensitization reached 24.4% in our study. Among the 
weed pollens, mugwort and were prevalent allergens listed on 
the SPT panel in the majority of the age category; however, (even 



though we used the grass mixture) grass pollens were not in- 
corporated in the SPT panel except for one age group over the 
age of 70. This suggests grass pollens are inappropriate as screen- 
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ing allergens. 

In terms of cockroach, the positive rate peaked and maintained 
a similar lifetime rate in subjects over the age of 20 years old. 
Cockroach could not get a place in the SPT panel in subjects 
under 19 years of age; however, it ranked high at over 20 years 
of age. Previous studies reported an 11.4%-30% sensitization to 
cockroach. 7 9 In our study, the overall prevalence of cockroach 
(German or American type) according to each year eventually 
increased between the years of 2007 and 2011 (Fig. 2). This re- 
flects the recent trend of cockroach playing a major role as an 
important allergen in urban areas. In addition, cockroach should 
be listed the SPT panel due to its expected importance in sub- 
jects over 20 years of age. A total of 30% of AR patients were sen- 
sitized to cockroach and our study results suggest that cockroach 
should be considered an important antigen in AR in Korea. 7 

Animal dander (especially dog) are incorporated into the chil- 
dren and adolescent age group combination because sensitiza- 
tion to dog or cat were more prominent in younger age popula- 
tions compared to other age populations. In addition, animal 
dander is no longer an important allergen in subjects over 50 
years of age. The number of dog owners in Korea is higher than 
that of cat owners and explain the difference in findings com- 
pared to the Turkish study that ranked cat allergen as an impor- 
tant allergen. 10 

Table 4. The detection missing rate according to the age groups 



Age 


Missing number 


Missing rate 


<6 


25 


9.30% 


7-12 


48 


7.10% 


13-19 


25 


3.80% 


20-29 


25 


2.40% 


30-39 


31 


4.20% 


40-49 


32 


5.80% 


50-59 


54 


8.60% 


60-69 


37 


10.40% 


>70 


14 


10.30% 



Testing with allergen combinations of Df, Tu, oak, mugwort, 
and cockroach G identified over 90% of the sensitized patients 
of all ages for AR screening in the epidemiologic study. The op- 
timized SPT result can significantly reflect the age-specific al- 
lergens character since the majority of the study population be- 
longed to the 20-39 year age group; subsequently, it would be 
good to customize a supplementary allergens option plus the 
minimally required SPT panel in regards to a specific age brack- 
et. For instance, animal dander, especially dog, is a recommend- 
ed allergen incorporated in the combination for children and 
cat is specifically recommended for subjects 20-49 years old be- 
cause sensitization to dog is shown more prominently in that 
age range. The positive rate for cockroach peaked and main- 
tained a similar rate in subjects more than 20 years old. For pol- 
len allergens, hop J is a recommended and necessary item for 
subjects over 20 years of age and mugwort for subjects over 30 
years of age. Oak should be considered as a solitary allergen 
(among tree pollen) for all ages when SPT is not performed with 
a pollen mixture allergen even though the importance was 
weakened by HDM. In addition, if a study is to be performed on 
a 50-59 age group, researchers should be cautious in the selec- 
tion of optimal allergens due the diversity of allergen sensitiza- 
tion. 

A possible limitation of this study is that the results do not re- 
flect the regional characteristics; subsequently, it is recom- 
mended that some region-specific allergens should be added 
to the SPT panel. 

In conclusion, a limited number of allergens should be suffi- 
cient for screening AR patients at around 93%-95% of sensitized 
patients. Even though only 5 allergens proved adequate for the 
epidemiologic study, we should consider the increase of miss- 
ing rate in elderly subjects. 
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The detection missing rate was around 2.4%-1 0.4% when the allergen extracts 
from top to 7th in the offered test panel of table 2 were applied to all age groups. 

Table 5. Differences of detection rate between combinations of 2 allergens according to the age 
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D.f, Dermatophagoides farinae; D.p, Dermatophagoides pteronyssinus, T.p, Tyrophagus putrescentiae, Tu, Tetranychus utricae. 
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